Synthesis of guanosine 3'-phosphodiesters of 1, N 6 -ethenoadenosine-2-sulfonate or 1, N*-etheno-2-azaadenosine can be done readily with ribonuclease Ni. There is a 10-fold difference in quantum yield between the phosphodiesters and the starting fluorescent nucleosides. This difference provides the basis for the development of a fluorescent assay for nuclease.
In the course of searching for useful substrates for cytochemistry, we synthesized 1, N^-2-azaadenosine^-'^'^ (aza-efl) and its nucleotides. Biochemical studies have since confirmed that these 2-aza-e -adenosine nucleotides are better enzyme substrates than the corresponding E-adenosine derivatives^»5,6 _ More recently, several 2-substituted-e-adenosines 7 were synthesized.
Among these new compounds, 1, N^-ethenoadenosine-2-sulfonate (eA-sulfonate) has a fluorescence emission maximum at 460 run when excited at 335 nm (pH 7.4). Its quantum yield is almost four times that of 2-aza-e-adenosine. The present paper reports the incorporation of these two fluorescent nucleotides into a dinucleoside phosphate, and the evaluation of physical and biochemical data of this new fluorescent substrate.
Briefly, the preparation of this substrate involves a novel enzymatic synthesis with ribonuclease Ni where the internucleotide linkage is formed by a transfer of the 3'-phosphate residue from the 2'0 position of guanosine 2', 3'e-cyclic phosphate to the primary 5'-hydroxy group of the aza-eA-2' (3')-phosphate or the A-2-sulfonate (Scheme I) 8 . Aza-eA-2'(3')-phosphate was used instead of the aza-EA because at the low temperature of the reaction, the nucleoside is poorly soluble. were similar to the summation of the corresponding nucleosides with slight hyperchromism. The fluorescent spectra of the dinucleotides were similar to those of the fluorescent nucleosides.
For the A-sulfonate derivative, the emission maximum is 460 nra and for the aza-cA derivatives, 495 run. However, the fluorescent intensity of Gp-e A-sulfonate was found to 2.9% of the free eA-sulfonate.
This strong quenching of fluorescence indicates high base stacking interaction between the guanine and e-adenosine sulfonate bases.
In the case of Gp-aza-eA-2 1 (3')p, the quenching was less, and the intensity of the dinucleotide was found to be 13.5% of the aza-eA-2'(3')p.
The large increase in fluorescence between Gp-eA-sulfonate and eA-sulfonate makes it possible to monitor the hydrolysis of the dinucleotide with nuclease.
Enzymatic degradations of Gp-eA-sulfonate were performed as described and the increase in fluorescence measured at 460 nm. Ribonuclease N^ (E.C.3.1.4.8), ribonuclease T^ (E.C.3.1.4. 8) spleen phosphodiesterase (3'-exonuclease) (E.C.3.1.4.18) and snake venom phosphodiesterase (5'-exonuclease) (E.C.3.14.1) all degraded the dinucleotide effectively.
Initial rates, determined by measurement of fluorescence increase with time, were found to be proportional to enzyme concentrations. 1^ and V max are listed in Table 3 . Spleen phosphodiesterase was found to have the highest Vmax an<^ snake venom phosphodiesterase had the lowest ^raax value. The localization of the RNase N^ and spleen phosphodiesterase on acrylamide gel was also tried. After acrylamide gel electrophoresis of the enzymes and incubation with Gp-sA-sulfonate, fluorescent bands were observed.
Summarizing our results, the following two statements can be made: First, a fluorescent dinucleotide phosphate is easily obtained via an RNase N^ coupling reaction; secondly, the dinucleotide phosphate exhibits valuable spectroscopic properties. The almost 10-fold difference in quantum yield between the substrate and the product from nuclease hydrolysis allows a convenient fluorimetric assay of the hydrolytic reaction.
MATERIALS AND METHODS
Enzymes -Ribonuclease N^ and T^ were purchased from Sigma Chemical Co., St. Louis, Mo. Spleen phosphodiesterase was purchased from Worthington Biochemicals, Freehold, N.J., and snake venom was purchased from Calbiochem, La Jolla, Ca.
Chemicals -2', 3'-cyclic GMP was purchased from Calbiochem. EA sulfonate was prepared according to the method described in reference 7. Aza-e-2'(3')-AMP was prepared from 2' (3 1 ) AMP.
Cyclizations of the monophosphate to cyclic aza-eA-2'(3') AMP is described in reference 9.
Synthesis of the Dinucleotides -The compositions of the incubation mixtures are listed in Table 1 . After incubation, Table 3 . 
